An investigation of apple sawfly (Hoplocampa testudinea Klug 1816) (Hymenoptera: Symphyta: Tenthredinidae) populations was conducted in conventionally and organically managed apple orchards
Introduction
The apple sawfly (Hoplocampa testudinea Klug, 1816) is a widespread and destructive pest, occasionally causing severe damage in commercial apple (Malus domestica Borkh.) orchards in most apple-growing areas worldwide (Vincent, Bélair, 1992; Alford, 2007) . In years or locations with high sawfly activity or low fruit setting, yield losses due to apple sawfly often exceed the damage done by the codling moth Cydia pomonella (Linnaeus, 1758) which is considered to be the major pest of apple (Graf et al., 1996 a) . Problems related to high apple sawfly infestation have been repeatedly reported from the United Kingdom, Central, Southern and Eastern Europe (Ciglar, Barić, 2002; Roller, Haris, 2008; Walczak et al., 2009) .
The biology of apple sawfly was investigated in detail in a number of studies (Nagy, 1960; Chaboussou, 1961; Gottwald, 1982) . It is a monovoltine species which spends most of its life cycle below the soil surface as a hibernating mature larva in a cocoon. Adult sawflies usually emerge during the flowering period of early and moderately early apple cultivars. Flight period of imagoes is highly concentrated and usually lasts approximately a month, depending on environmental conditions. Adult sawfly females emerge with fully matured eggs and can start mating and egg-laying immediately as soon as there are blossoms fit for oviposition. Eggs are inserted into receptacles of blossoms by the female sawflies with the help of saw-like ovipositor. Only blossoms of certain growth stages are acceptable for oviposition. Opening blossoms of growth stages 62-64 (Meier, 1997) are most prone to sawfly attack (Chaboussou, 1961) .
Several studies indicated highly variable damage levels in the same orchards and to different apple cultivars (Graf et al., 1996 b; Ciglar, Barić, 2002) . Several factors determining level of fruit damage could be involved. Population density of apple sawfly, heterogeneity of sawfly spatial distribution, weather conditions during egg-laying period, apple cultivars, flowering intensity of certain cultivars all are considered to be crucial factors contributing to the extent of sawfly damage (Chaboussou, 1961; Graf et al., 1996 a) . When the fruit setting is low even moderate apple sawfly in two differently managed apple orchards in Lithuania infestation may result in severe fruit loss and reduced yields. Several authors indicated that some apple cultivars were more susceptible to apple sawfly attack than others (Graf et al., 1996 b) . Such variation between cultivars is explained by temporal differences between flowering stages of different cultivars (Kuenen, van de Vrie, 1951) . However, no detailed studies on variety-dependent infestation levels were performed and no cultivars prone to high sawfly risk were indicated.
Although potential of biological control of apple sawfly using hymenopteran parasitoids Aptesis nigrocincta (Gravenhorst, 1815) and Lathrolestes ensator (Brauns, 1898) (Hymenoptera: Ichneumonidae) has been examined (Babendreier, 1998; Zijp, Blommers, 2002) , control is mostly based on synthetic or biological pesticides. In commercial integrated protection orchards sawfly control strategies rely mostly on non-selective insecticide treatments. In organic orchards biological products such as quassia extracts and "NeemAzal" or entomogenous nematodes are used to control sawfly populations, but efficacy of these products is low (Vincent, Bélair, 1992) . These control measures are mainly aimed at first instar larvae during process of hatching before penetrating into the fruits, thus heavily dependent on timing of applications in order to reach high efficacy of treatments. In Lithuania, apple sawfly control strategies are based mainly on pesticide treatments -mostly synthetic pyrethroids with a contact mode of action. Treatments are usually applied before and immediately after flowering period, combining them with other insecticides against other common apple pests (Raudonis et al., 2007) . So far, no specific integrated pest management (IPM) tactics has been applied to control apple sawfly in Lithuania.
Past studies on infestation levels of the apple sawfly in Lithuanian conditions indicated that damage caused by apple sawfly was equal or higher than caused by the codling moth when the weather was favourable for the insects. Furthermore, several apple cultivars were found to suffer considerably higher sawfly damage. However, at that time setup and the set of apple genotypes cultivated were completely different from conventional orchard management techniques and cultivars at present time. Therefore, the growing diversity of cultivated apple genotypes leaves gaps in knowledge as to how apple sawfly will affect some of the newer cultivars. In Lithuania no data on susceptibility of economically important apple cultivars to apple sawfly damage in commercial orchards are available. Shift towards integrated pest management and development of organic apple farming poses new challenges to apple growers and plant protection specialists (Grieshop et al., 1988; MacHardy, 2000) . According to requirements of these management strategies, use of synthetic pesticides must be reduced or not allowed at all. Several reports from countries where use of synthetic insecticides was significantly reduced or suspended indicated gradual recovery of apple sawfly populations and, subsequently, regular mass outbreaks and massive crop losses (Walczak et al., 2009; Доля и др., 2004) . Therefore, in the wake of implementation of sustainable pesticide use actions and expansion of organic apple growing, the apple sawfly is likely to become a dangerous pest in conventional and organic apple management systems under Lithuanian conditions on a regular basis. For this reason, a set of field surveys was designed to investigate life history, population density and variety-specific infestation levels of apple sawfly in conventionally and organically managed apple orchards and to develop an integrated control tactics for this pest by means of modern monitoring techniques and damage thresholds adjusted for local conditions.
The aim of this investigation was to examine population density of apple sawfly in conventionally and organically managed apple orchards by means of visual traps, determine relationship between population density and infestation levels of fruits, and evaluate susceptibility of various apple cultivars to this pest.
Materials and methods
Field studies. The study was performed at experimental apple orchards of Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry in Central Lithuania (55°4′ E, 23°48′ N) for three consecutive apple seasons from 2010 to 2013. Apple sawfly populations and fruit damage levels were investigated in two differently managed apple orchardsconventional and organic located approximately 0.7 km from each other. Both orchards were separated by a valley and natural hedgerows of multi-species vegetation. Both were productive orchards, aged 6 (organic) and 8 (conventional) years in 2010. Rows were oriented in a south-north direction and planting distances were 4 × 2 m (density 1250 trees ha -1 ), except cvs 'Noris' and 'Ligol' grafted on rootstock P22 with planting distances 4 × 1 m (density 2500 trees ha -1 ). Average height of trees in both orchards was ca. 2.5 m and trees were shaped as a spindle canopy. Conventionally managed orchard occupied an area of 13 ha and was comprised of different apple cultivars planted in two to four row blocks throughout the orchard. In the inter-rows of the orchard the mixture of couch grass was sown and grass in the alleys was regularly mown during the season. Herbicide treatments were applied below the trees several times during the season and herbicide fallow was 1 m wide. Fungicide treatments were applied regularly according to recommendations for plant pest and disease management in conventional orchards (Raudonis et al., 2007) . The following pre-bloom insecticide treatments relevant to apple sawfly control were applied -in 2010 Decis Mega (a.i. deltamethrin) on 27 April, 2011 -Decis Mega (a.i. deltamethrin) on 29 April, 2012 -Bulldock (a.i. β-cyfluthrin) on 26 April and 2013 -Bulldock (a.i. β-cyfluthrin) on 4 May. Organic orchard occupied an area of 0.5 ha, where different apple cultivars were arranged in random order throughout the orchard in four repetitions per cultivar, each repetition plot consisting of four trees. Organic orchard was pesticide and artificial fertilizer-free since the moment it had been planted. Inter-rows were arranged in changing order where inter-row covered with grass was followed by shallow cultivated one. Grass in the alleys was repeatedly mown as well as alleys without grass were cultivated regularly. Apple genotypes (15 cultivars and 1 breeding kit) of regional economic Note. Cultivars surveyed, rootstock, cultivars sampled, number of traps deployed and number of fruitlets sampled during the study period are presented.
White sticky traps Rebell ® bianco ("Andermatt Biocontrol", Switzerland) were used to monitor apple sawfly flight activity and population density. Trap distribution and infestation sampling details in different cultivars are shown in Table 1 . In conventional orchard, study plots consisted of two neighbouring rows per each cultivar equipped with 4 equally distributed traps -two being placed closer towards the end and two towards the centre of the rows at 30-50 m distances. In organic orchard, traps were installed on each of four repetition plots per cultivar studied and distances between traps varied between 5-10 m. Traps were hung on branches or supporting wires at the height of 1.6-1.7 m on the external south part of the tree canopy. The positions of traps remained unchanged during each year of the study. Sawfly population density was expressed as a relative measure based on mean number of sawflies captured per trap during certain time interval.
Every year of the survey, white sticky traps were introduced into the orchards two weeks before beginning of May. In order to determine the beginning of adult sawfly flight period traps were inspected every 1-2 days. After the first adult sawflies had been recorded, trap catch assessments were carried out weekly in 2010 and at 1-3 days intervals in 2011 and daily in 2012. Traps remained effective for entire flight period of adult sawflies. In the cases when traps where heavily filled with other insects, they were replaced by the new ones. Around middle of June before the affected fruit drop on-tree fruit injury surveys were performed by visual examination of 50 (in 2010) or 100 fruits per tree selected at random from lower, central and upper parts of the tree canopy from 10 random trees per cultivar (Coli et al., 1985; Graf et al., 1996 b) . In cultivars where fruit setting was too low and number of trees was limited all fruits from every tree were inspected. Numbers of fruits sampled per orchard and per cultivar are presented in Table 1 . Infestation levels were expressed as percentage and calculated using formula -A ∕ B × 100, where A -infested fruit on certain cultivar, B -overall fruit sampled on certain cultivar.
Environmental conditions during larval development, flight and egg-laying periods. Environmental conditions were monitored by means of weather station iMetos ® ("Pessl Instruments", Austria), located at the experimental apple orchard of Institute of Horticulture, Lithuanian Research Centre of Agriculture and Forestry, approximately 1.5 km from the experimental sites. Key environmental parameters determining apple sawfly life cycles during post-diapause development, flight and egglaying periods, embryonic and larval development periods are presented in Table 2 . Environmental conditions during the flight period may play significant role on success of oviposition of females as well as numbers of sawflies caught on traps. Flight of imagoes usually takes place on calm sunny days. During cold, rainy and windy spells of weather sawflies mostly tend to remain inactive on the leaves or blossoms. In 2011 such conditions occurred approximately a week after emergence of first adults and continued for several days. It resulted in reduced trap catches as new adults kept emerging from the soil, but remained inactive. Adverse environmental conditions might also influence the mortality of larvae and, consequently, reduced numbers of imagoes in the subsequent season. High temperature fluctuations during winter, thaws with complete melting of snow cover and subsequent rapid freezing when soil temperature remain below zero for prolonged periods of time may increase larval mortality or induce physiological processes triggering diapause prolongation. For example, in 2011 season population density was very low after successful 2010 season in terms of reproduction and feeding and it could be consequence of a thaw in end of February -beginning of March 2011, when a complete melting of snow cover occurred followed by a rapid frost and, consequently, soil temperatures dropped as low as −1.5°C. In 2012, population density and infestation levels were slightly higher than in 2011, but did not reach the level of 2010 season and it could also be explained by same situation in February 2012 when soil temperatures dropped as low as −0.7°C for more than a week. On the contrary, in 2009 snow cover was present during all the winter and soil temperatures had never dropped below zero, strongly suggesting that constant snow cover, ensuring optimal temperature conditions under soil surface during sawfly hibernation period, is a crucial factor determining numbers of adults for the upcoming season.
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Variety-specific population density and infestation levels of apple sawfly (Hoplocampa testudinea Klug) in two differently managed apple orchards in Lithuania Statistical analysis. Adult sawfly trap catch data were not distributed normally. Since variances of trap catches were higher than the means, assumption that trap catch data could be fitted to negative binomial distribution was made. Goodness-of-fit to negative binomial was tested by means of Kolmogorov-Smirnov test (Zar, 2010) . Normality of data was tested by means of Shapiro-Wilk test. Homogeneity of variation for ANOVA was tested using Bartlett's test. In the cases where trap catch data were not normally distributed variety-dependent densities were compared using non-parametric Kruskal-Wallis test and specific differences between means were compared using Dunn`s (in the case of different sample size) or Student-Newman-Keuls methods. Variety-dependent differences between the infestation levels were compared using one-way ANOVA method and specific differences between means were compared by means of HolmSidak method. Non-normally distributed infestation data were transformed using square root transformation. The relationships between trap catches (population density) and infestation levels were calculated by means of Pearson correlation and linear regression analysis. For both management systems correlations were calculated separately for each year of the study and also correlation coefficients for pooled data in both orchards were computed. For regression analysis of data obtained from conventional orchard, only data from 2010 were used, as in 2011-2013 infestation levels were negligible. Additionally, only trap catch data from cultivars with at least 2 traps per cultivar were used for correlation and regression analysis. For organic orchard correlation and linear regression analyses between trap catches and fruit damage were performed using data obtained in [2011] [2012] [2013] . Pooled data were used for regression analysis of data observed in organic orchard. All statistical routines were performed with the help of statistical softwares SYSTAT and SIGMAPLOT.
Results and discussion
Sawfly density and infestation levels in conventional orchard. Trap catches (population density) varied between cultivars during the period of the study. The highest trap catches were observed in 2010 on cvs 'Auksis' and 'Lobo' -33.3 ± 20.5 and 22.0 ± 12.0 sawfly trap -1 (Fig. 1) . Extremely high standard errors of mean sawfly trap catches in these two cultivars indicated a strong tendency of sawfly populations to aggregate in particular portions of the orchard. On the rest of the cultivars numbers of imagoes caught on traps were distributed quite evenly and ranged from 7.7 ± 2.0 sawfly trap -1 on cv. 'Lodel' to 15.0 sawfly trap -1 on cv. 'Connell Red'. Only data where at least two traps were installed were used in comparison of trap catches between cultivars and years of the study. In 2011, trap catch data distribution pattern was different ) and 'Connell Red' (11.0 ± 3.3 sawfly trap -1 ). Opposite to 2010, in 2011 the lowest sawfly density was observed on cv. 'Auksis' and reached only 4.0 ± 1.7 sawfly trap -1 . On the rest of the cultivars the numbers varied from 5.8 ± 3.3 on 'Delikates' to 8.8 ± 4.9 sawfly trap -1 on 'Lobo'. In 2012, overall sawfly density was the lowest during all study period. The highest numbers of sawflies captured were recorded on cvs 'Connell Red' and 'Lodel' -8.8 ± 2.5 and 9.0 ± 1.6 sawfly trap -1 . On the rest of the cultivars overall density was equally low ranging from 2.0 ± 3.2 to 5.0 ± 2.1 sawfly trap -1 . The lowest numbers of sawflies were observed again on cv. 'Auksis' -1.0 ± 0.6 sawfly trap -1 . In 2013, the highest trap catches were observed on cvs 'Alva', 'Delikates' and 'Connell Red' -11.8 ± 5.7, 9.5 ± 1.3 and 8.3 ± 1.3 sawfly trap -1 . On the rest of the surveyed cultivars trap catches varied from 2.5 ± 0.7 (cv. 'Spartan') to 5.5 ± 1.9 (cv. 'Auksis') sawfly trap -1 . Despite seemingly higher trap catches on cvs 'Auksis' and 'Lobo' in 2010, no statistically significant differences were detected in sawfly trap catches between apple cultivars in any year of the survey and for pooled data as well (Kruskal-Wallis test, p > 0.05).
In conventionally managed orchard, high sawfly infestation was observed only in the first year of the study. In 2011-2013, numbers of fruitlets infested by apple sawfly were unusually low and reached a negligible level of 0.1 ± 0.03% despite the fact that relative density suggested infestation levels supposedly to be higher. It indicates population density to be not necessarily a primary factor determining damage to the fruit. In 2010, overall infestation in conventional orchard reached 15.6 ± 2.2%; however, in certain cultivars it was relatively high and, on the other hand, in some varieties it was negligible (Fig. 2) . Cultivars that suffered heaviest infestation were 'Noris' -18.5 ± 2.9%, 'Auksis' -14.2 ± 3.2% and 'Lobo' -8.9 ± 1.7% of damaged fruits. Infestation in these three cultivars was significantly higher than in the rest of the genotypes surveyed (Student-Newman-Keuls test, p < 0.05). On cvs 'Connell Red', 'Alva' and 'Ligol', no damaged fruitlets were recorded at all. In 2013, no insecticide treatment on cv. 'Spartan' was applied and, consequently significantly higher sawfly infestation was observed than on the rest of the cultivars and percentage of damaged fruits reached 1.2 ± 0.7%, indicating an increased risk of sawfly attack as insecticide treatments are absent. An attempt was also made to detect relationships between trap catches and infestation levels in both orchards. In conventional orchard, significant negative strong correlation was detected only in 2011 (Fig. 3) , but due to extremely low infestation level, the reliability of this relationship is unlikely. Nonlinear regression analysis was performed in order to determine the influence of sawfly population density on fruit damage levels. For conventionally managed orchard only data from 2010 were used in regression, since data from 2011 and 2013 were considered not appropriate for analysis. Results of analysis demonstrated weak influence of sawfly density on infestation (Fig. 3) . Coefficient of determination r 2 = 0.238 indicated that only approximately 24% of the change in the number of damaged fruit was influenced by the change in sawfly population; however, regression was not reliable.
In summary, trap catches in our study represented relatively high density in the first year of the study (this as well might be influenced by drawbacks in experimental design, as fewer traps were installed) and this resulted in considerably higher infestation and two years when density was low, which in turn resulted in lower overall infestation. Compared to several other field studies conducted using visual traps (Coli et al., 1985; Zijp, Blommers, 1997; Ciglar, Barić, 2002) , sawfly trap catches were relatively low, reaching at most 33 sawflies trap -1 in 2010 in orchard with no pre-bloom insecticide applications. However, damage threshold of 30-40 apple sawflies per trap was determined by Wildbolz and Staub (1984) and yet in another study damage threshold of 30-40 sawfly trap -1 for apple cv. 'Idared' was specified and it corresponded to 4.5% primary sawfly damage, but only 2% for cv. 'Golden Delicious' (Graf et al., 1996 b) .
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This strongly suggested that varietal differences in the risk assessment of the apple sawfly should have been taken into account. This was well illustrated in our study, when high infestation levels were reached even with trap catches lower than the established threshold. Results of correlation and regression analysis between trap catches and infestation levels indicated that strong relation between population density and infestation existed only in organic orchard. However, direct relationship between density and damage as was shown by the means of nonlinear regression analysis constituted only about a half of variation. This indicates that yet another major factor influencing infestation levels is apple cultivar itself. Three apple cultivars -'Noris', 'Auksis' and 'Lobo', demonstrated significantly increased susceptibility to apple sawfly attack than the rest of the cultivars investigated in the conventional orchard. However, these cultivars were affected by the pest only in 2010, when the circumstances were highly favourable for the pest. It also must be mentioned that some cultivars 'Alva', 'Connell Red', 'Ligol' and 'Delikates' suffered very little or no damage at all, indicating these cultivars being of reduced susceptibility to apple sawfly attack. 'Lodel', 'Ligol' and 'Spartan' could be attributed to a moderate susceptibility group of cultivars. Sawfly density and infestation levels in organic orchard. Trap catches of adult sawflies also varied a great deal on different cultivars in both orchards. In organic orchard in 2010, the highest number of sawflies was captured on 'Vitos' and hybrid No. 18501 -69 and 51 sawfly trap -1 , respectively (Fig. 4) . In 2011, due to overall low population density, the numbers of sawflies on all cultivars surveyed were distributed uniformly most sawflies also being captured on 'Vitos' and hybrid No. 18501 -8.3 ± 3.1 and 5.5 ± 1.6 sawfly trap -1 , respectively.
Statistically significant difference in trap catches between
Notes. For conventional orchard only data from 2010 were used in analysis. Regression equations, coefficients of correlation and determination and significance level of regression are also presented. 'Vitos' and 'Aldas' was detected (Mann-Whitney, p < 0.05). In 2012, the highest trap catches were recorded on cvs 'Lodel', 'Enterprise', 'Vitos' and hybrid No. 18501; however, no significant differences were obtained between cultivars (Kruskal-Wallis test, p > 0.05). The lowest apple sawfly numbers were observed on cv. 'Aldas' in all years of the survey. In 2013, the highest trap catches were observed on cv. 'Aldas' -17.0 ± 2.6 sawfly trap -1 . On other cultivars rather similar trap catches were observed -'Vitos' and hybrid No. 18501 -12.8 ± 4.4 and 13.8 ± 2.3 sawfly trap -1 , 'Lodel' and 'Rubinola' -10.3 ± 1.9 and 10.3 ± 3.2 sawfly trap -1 , 'Enterprise' and 'Rajka' -8.0 ± 0.9 and 7.3 ± 2.4 sawfly trap -1 . Trap catch differences between 2010 and the rest of the years of the study must be interpreted carefully, as trap density was different and it may have significantly influenced the amount of imagoes caught. However, the results from conventional orchard and significantly higher infestation levels in organic orchard in 2010 strongly suggest that actual density of sawfly populations was significantly higher than in 2011-2013.
Certain cultivars suffered higher damage than the rest. In 2010, significantly higher (Holm-Sidak test, p < 0.05) infestation in cv. 'Aldas' -24.3 ± 2.9% damaged fruit was recorded (Fig. 5) . The rest of the cultivars had twice as less damaged fruits and no statistical differences were detected between them (Holm-Sidak test, p > 0.05). In 2011 and 2013, the amount of damage between cultivars varied at lesser extent and ranged from 0.5 ± 0.3 to 3.2 ± 1.4% in 2011 and from 2.1 ± 1.0 to 5.4 ± 1.3% in 2012. No significant differences were detected respectively (Kruskal-Wallis test, p > 0.05). In 2013, considerable variation between cultivars was observed with 'Aldas' and 'Vitos' having suffered the highest damage -5.5 ± 1.2% and 9.7 ± 2.3%, meanwhile on 'Enterprise' only 0.5 ± 0.4% infestation was recorded. Significant differences were detected between 'Vitos' and 'Enterprise' (Holm-Sidak test, p < 0.001), 'Vitos' and 'Rajka' (Holm-Sidak test, p < 0.05), and 'Aldas' and 'Enterprise' (Holm-Sidak test, p < 0.05). In all 4 years of the survey, cvs 'Aldas' and 'Vitos' suffered the highest infestation -8.9 ± 5.2 and 7.3 ± 3.0% of damaged fruits. On the rest of the cultivars infestation levels varied from 1.6 ± 0.6% on 'Enterprise' and 3.0 ± 0.4% on 'Rajka' to 5.1 ± 2.9%, 5.0 ± 2.3% and 3.7 ± 0.9% on 'Rubinola', hybrid 18501 and 'Lodel' respectively. The lowest infestation levels were on cvs 'Enterprise' and 'Rajka', although the data only from 2011 and 2013 are available. No statistically significant differences were observed between any of the cultivars (KruskalWallis test, p > 0.05). Analysis was performed in order to determine a relationship between numbers of sawflies caught on traps and extent of damaged fruits in different cultivars. No significant correlation between trap catches and infestation levels was obtained in different years of the study in organic orchard. However, when pooled trap catch and infestation data were compared, the relationship was found to be significant indicating relatively strong dependence of infestation levels on sawfly density (r = 0.706, p < 0.001). Therefore, it could be stated that sawfly density in different cultivars clearly influences extent of damaged fruit; however, for one season cumulative trap catches are not a reliable estimate to predict possible extent of damage. Linear regression analysis was performed in order to determine the influence of sawfly population density on fruit damage levels as well. Coefficient of determination displayed ca. 50% dependence between the two variables, strongly suggesting other factor or several factors to be involved in determining the extent of infested fruit (Fig. 6) .
Also, linear regression analysis was performed to determine functional relationship between varietyspecific trap catches and infestation levels. Strong significant correlation and functional relationship (p < 0.05) between two variables was determined in six cultivars -'Aldas', 'Rubinola', 'Vitos', 'Lodel', 'Rajka'
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Variety-specific population density and infestation levels of apple sawfly (Hoplocampa testudinea Klug) in two differently managed apple orchards in Lithuania and 'Enterprise' (Table 3) . In hybrid No. 18501 no relation was detected between quantity of sawflies caught on traps and resulting fruit damage. It must be stated that these estimates are only true for management systems where no pre-bloom or during-bloom sawfly control measures are applied. According to our data, maximum mean cumulative trap catches of 22 sawflies per trap were reached and at this relative density infestation level of 8% could be predicted for apple cv. 'Aldas' (Table 4) . Of course, infestation prediction will only be true if performed in the range of 0 to 22 sawfly trap -1 . For cv. 'Rubinola' a maximum threshold of 18 sawfly trap -1 corresponding to 8% of damaged fruit in the range from 1 to 18 sawfly trap -1 was set. For cv. 'Vitos' a damage threshold of 23 sawfly trap -1 corresponding to 5% of damaged fruit in the range from 4 to 23 sawfly trap -1 was specified. For cv. 'Lodel' a damage threshold of 40 sawfly trap -1 corresponding to 6% of damaged fruit in the range from 2 to 40 sawfly trap -1 was set. For cv. 'Enterprise' a damage threshold of 21 sawfly trap -1 corresponding to 3% of damaged fruit in the range from 0 to 21 sawfly trap -1 was set. Finally, for cv. 'Rajka' a damage threshold of 14 sawfly trap -1 corresponding to 7% of damaged fruit in the range from 1 to 14 sawfly trap -1 was set. Trap catches were recalculated using regression equations and adjusted to specified infestation level of 5%, which was considered to be a damage threshold for the apple sawfly (Тарасова, 2007) . Results indicated that in different cultivars the same infestation level was reached at different population densities. The least number of sawflies that resulted in 5% of damaged fruit was observed in cultivars 'Aldas', 'Rubinola' and 'Rajka' -where economic threshold was reached at 11-13 sawflies trap -1 . In cultivars 'Vitos' and 'Lodel' the threshold was reached at relative density of 23 and 21 sawflies trap -1 , respectively. The highest number of sawflies -34 sawfly trap -1 corresponding to 5% of damaged fruit was determined for apple cultivar 'Enterprise'. Results on trap catch and infestation data strongly suggest the idea that every cultivar exhibits different vulnerability to apple sawfly and the same amount of damage could be expected at different population densities depending on cultivar. In current study from this point of view cultivars 'Aldas', 'Rubinola' and 'Rajka' tended to be most susceptible to sawfly attack, as the least numbers of Wildbolz and Staub (1984) and in another study damage threshold of 30-40 sawfly trap -1 for apple cultivar 'Idared' was specified and it corresponded to 4.5% primary sawfly damage and only 2% for cultivar 'Golden Delicious' at trap catches of 15 sawfly trap -1 (Graf et al., 1996 b) . This strongly suggested that varietal differences in the risk assessment of the apple sawfly should have been taken into account. However, in the study of Graf et al. (1996 b) only primary sawfly damage was taken into account, meanwhile in current study total amount of fruits infested by sawfly larvae was assessed. As higher primary sawfly damage level inevitably means higher secondary damage it could be deducted that total amount of damaged fruit observed by Graf et al. (1996 b) should have been much higher than damage levels observed in our investigation. This enables us to conclude that thresholds specified in our study are adequate estimates in order to predict total amount of damaged fruits for six cultivars surveyed in organic orchard in certain range of trap catches.
Conclusions
1. Considerable variation in trap catches and infestation levels were observed between different apple cultivars. No apparent pattern of population density fluctuations was detected in any of cultivars in both management systems. In conventional orchard where pre-bloom insecticide treatments were applied, cultivars 'Alva', 'Connell Red', 'Delikates', 'Spartan', 'Lodel'and 'Ligol' suffered significantly lower damage in comparison to the rest of the cultivars surveyed. In organic orchard, no significant difference in infestation levels was observed between cultivars; however, cultivars 'Vitos', 'Lodel' and 'Enterprise' were identified as more resistant to sawfly attack.
2. In conventional orchard no functional relationship between trap catches and infestation of apple sawfly was determined. In organic orchard significant but relatively weak relationship between two variables was detected (r = 0.5548, r 2 = 0.2714, p < 0.01). It indicates population density to be important factor influencing infestation in apple orchards; however, there are some other driving factors involved.
3. Strong or moderate dependence of infestation on trap catches of apple sawfly was determined in six out of seven cultivars studied in organic orchard. Strong significant relationship between trap catches and infestation was determined for cultivars 'Rubinola' (r = 0.913, r 2 = 0.817, p < 0.001) and 'Lodel' (r = 0.853, r 2 = 0.700, p < 0.001). Moderate relationship was determined for cultivars 'Aldas' (r = 0.795, r 2 = 0.595, p < 0.01), 'Vitos' (r = 0.833, r 2 = 0.643, p < 0.05) and 'Rajka' (r = 0.771, r 2 = 0.553, p < 0.01). Significant weak relationship was determined for cultivar 'Enterprise' (r = 0.604, r 2 = 0.301, p < 0.05) and no relation between the two variables was determined for breeding kit No. 18501 (r = 0.370, r 2 = −0.007, p > 0.05).
4. Individual cultivars exhibited different susceptibility to apple sawfly at the same population density levels in organic orchard. Based on results of regression analysis, variety-specific damage thresholds and corresponding susceptibility categories for six out of seven surveyed cultivars were specified. Three cultivars 'Aldas', 'Rubinola', 'Vitos' were classified as highly susceptible, two cultivars 'Lodel' and 'Rajka' -as moderately susceptible and one cultivar 'Enterprise' -as of low susceptibility.
5. Damage thresholds based on trap catches required to reach specified economic threshold of 5% were determined as follows: 'Aldas' -13 sawfly trap 
